chemically heterogeneous group of substances which are characterized primarily by their physical property of common solubilitv in one or more of the ordinary fat solvents. LEATAES (41) looks upon the term as "a cloak for ignorance and an indefinable limbo into which any one can thrust anything of which he knows little or nothing, including often what is not a compound of any fatty acid at all." Recently, LEVINE (47) in proposing a new classification of fatty compounds soluble in ether or alcoholether and closely associated substances ignores the broader significance which had been attached to the term "lipoids" and limits its application to the sterols and essential oils.
The designation "lipins" was suggested by LEATHIES (42) in 1910 for those derivatives of fatty acids which contain nitrogen but no phosphorus or carbohydrate group-an indefinite class of substances previously called "amidolipotides" by THUTDICHUM (87, 88) . Later, ROSENBLOOM and GIES (73) employed the term in place of "lipoids" as a group name for the fats and fat-like compounds yielding fatty acids on hydrolysis and also included under lipins a large number of diversified, non-fatty compounds and artificial products such as soaps, alcohols, sterols, cholates, chromolipins, triacetin and lead oleate. 1ICLEAN (56) has used the word "lipins" in a limited sense to embrace only the phospatides and cerebrosides which he considers substances of fat-like nature yielding on hydrolysis fatty acids or derivatives of fatty acids and containing in their molecule either nitrogen or nitrogen and phosphorus.
"Lipides" is the third generic name which has been proposed in the general nomenclature of the substances under consideration. It (6) in a modified classification in preference to "lipoids" as a group-heading for ether or alcohol soluble compounds yielding fatty acids on hydrolysis and certain derived substances such as fatty acids and sterols. Since this term has been used only in the broad significance to include both the fats (including oils and waxes) and the lipoids, as used in the restricted sense to denote the "fat-like" substances, it appears to be the best one suggested so far.
Various classifications of fats and "fat-like" compounds
A strictly chemical grouping of these substances has proved a difficult matter, especially in view of the diversity of the chemical relationships of the compounds. For purposes of comparison, the more important attempts to classify the fats and "fat-like" compounds are listed here. In the present paper, the use of the term "lipides" is preferred because of the fact that the several meanings which have been attached to the other two terms tend to create a state of disorder in an already difficult subject and therefore constitute an objection which does not apply in the case of "lipides." On the basis of chemical relationships, the BLOOR scheme appears more nearly to meet the requirements of a good classification than the others. The writer does not agree with BLOOR, however, in always considering the sterols as being derived from ester-like compounds.
According to BLOOR's definition, lipides are water insoluble, ether or alcohol soluble substances which are either ester-like combinations with fatty acids or are capable of forming such combinations. These substances are separated into three main groups. The fats and waxes are considered as simple lipides, being esters of the fatty acids with various alcohols. The phospholipides, glycolipides and certain insufficiently characterized substances constitute the compound lipides or esters of fatty acids containing groups in addition to an alcohol and fatty acid. The free fatty acids and sterols represent the derived lipides, which are defined as substances obtained from the other groups by hydrolysis. For a thorough discussion of the various types of fatty compounds which are included in the foregoing classification and for their physical and chemical properties, one may refer to BLOOR'S original paper (6) .
A great deal of confusion would be avoided if plant physiologists and biochemists in general would adopt the BLOOR scheme and designate as lipides those tissue constituents which fall under this classification. When obtained from tissues in the form of an impure extract by means of a fat solvent they could be reported as "crude lipides."
The estimation of lipides Nearly all methods for determining lipides are based on the fact that these substances, or the fatty acids derived therefrom by saponification, are largely separated from the other tissue constituents by means of certain solvents which exert at least a partial preferential solubility for the fatty compounds. Petroleum ether, especially, and ether, to a less degree, are better suited for this purpose and therefore are used more extensively than other solvents for lipide estimation. While all lipides are more or less soluble in a number of so-called fat solvents, not all of these extract the lipides with equal facility (37) (11) state it has been their experience that the presence of a small amount of water in ether will allow a small but definite amount of inorganic matter and amino-compounds to go into solution. The same statement holds true with respect to carbohydrates and possibly tannins.
CARBON TETRACHLORIDE ( CC4I) .-Carbon tetrachloride dissolves most lipides with the same ease as ether, but it probably removes more impurities (70) . The observation of SCHINDELMEISER (80) be readily removed from plant tissues on continuous extraction with the hot solvent. For a more detailed account of the solvent properties, refer to BASKERVILLE and RIEDERER (3) . BRYANT (10) FIRST GROUP.-In the first group may be placed those methods which are based on the removal of lipides from the tissues in a condition as little altered as possible. The methods in this group may be subdivided into (a) those based on the direct extraction of the material with a fat solvent or a combination of solvents, and (b) those in which the material is subjected to a mild pretreatment such as pepsin digestion, or treatment with dilute acid or alkali, followed by extraction with a fat solvent.
The more important methods under "a" are those of shaking with ether, petroleum ether, or trichlorethylene according to LOGES (51), SCHUTTE (83), 1IONHAUPT (57, 58, 59) , GRIMME (22) , NEUMANN (61, 62 , cf. also PHILLIPS, 68) and GROSSFELD (23, 24, 25, 26) ; the ether extraction methods of SOXHLET (85, cf. also B6MER, 9) (with modifications adopted as the "Official method" by the Association of Official Agricultural Chemists (96)), LEHMANN (44) DETAILS OF OPERATION.-For the extraction of lipides from solid plant materials, according to the "Official method," the Soxhlet apparatus or one of its many modifications is generally used, although any of the numerous types of continuous extractors4 which are now available may serve equally well. The quantity of dried material to be extracted will vary from 2 to 10 grams or even more, depending upon the percentage of fatty substances contained therein. The sample, carefully selected for uniformity, should be dried, preferably at 600 in a partial vacuum, and finely ground.5
The accurately weighed substance is placed either in a Schleicher and 4 For a discussion of automatic devices for the extraction of powdered material see WILEY (95) and PALKIN and WALKINS (65) . 5 See recommendations of Committee on Methods of Chemical Analysis for American Society of Plant Physiologists (89).
Schfill fat-free paper thimble, in a Schott and Company "glass filter" (carried by the Empire Laboratory Supply Company) or in a porcelain cup (27) and covered with a fat-free paper or cotton. The thimble and sample are placed in the extractor' and elevated, if necessary, by means of a glass tube of sufficient heighth so that the surface of the material is about 1 cm. under the top of the siphon tube. This adjustment insures a more complete extraction of the sample.
The flask, containing several glass beads to prevent bumping of the solvent during extraction, is thoroughly dried by heating, cooled over sulphuric acid in a desiccator, and weighed with the aid of a counterpoise of nearly the same size and shape. A portion of the solvent, about 50 to 150 cc., is poured into the flask, which is then connected with the extractor holding the sample. A further quantityof solvent is carefully poured over the material in the extractor until the height of the liquid nearly corresponds to the level of the top of the siphon tube. A tube containing anhydrous calcium chloride to prevent absorption of water by the solvent is attached to the top of the condenser.
The solvent is boiled during the period of extraction, either on an electric hot-plate or on a steam bath. The vapors of the solvent liquify in the condenser, the condensate flows into the extractor, penetrates the material and dissolves the lipides. When the liquid reaches the top of the siphon tube, it should automatically return to the flask. With some materials it is desirable to discontinue the extraction after the greater portion of lipides has been extracted and to reduce the sample to a finer state for a second and final period of extraction. The material, after drying to remove traces of the solvent, is ground in a mortar with 1/2 to 2/3 of its weight of pure quartz sand and the finely ground mixture quantitatively replaced in the thimble. Final traces in the mortar are obtained by removing with fat-free cotton, which must be added to the main sample in the thimble. The extraction is then continued as before. In some plant tissues the removal of lipides is nearly complete in 4 to 6 hours, in others 16 hours or longer are required. No definite time limit can be prescribed in all cases. This must be experimentally determined. In general, it may be stated that the size of particles and degree of porosity of sample are important factors influencing the rapidity and completeness of the extraction with any particular solvent.
Removal of the solvent from the extraction flask upon completion of the extraction is easily performed by using the apparatus itself for the distillation. After removal of the sample and glass tube, the boiling is continued until most of the solvent is distilled into the extractor. If necessary the solvent is siphoned off into a second container and the process continued 6 Directions indicated apply to the Soxhlet apparatus. until nearly all of the liquid in the flask has been evaporated. The final portions of solvent must be evaporated on a steam bath, care being exercised to prevent any spattering of the contents of the flask. Last traces of the solvent may be eliminated with a stream of pure dry carbon dioxide.
The residue in the flask is dried for 30 minutes at the temperature of boiling water, cooled over sulphuric acid in a desiccator and weighed. The drying is continued for 30-minute intervals, the flask being cooled and weighed each time, until the weight remains constant. If the material is very hygroscopic it may be necessary to dry at room temperature over calcium chloride in a vacuum desiccator until constant weight has been attained. If exactly 10 grams of dried substance are used as the original sample, the weight of the residue multiplied by 10 gives directly the percentage of fatty residue. This is sometimes reported as "fat" or "crude fat." It would be more nearly correct, however, to express the results as "crude lipides" or "ether extract." GENERAL REMARKS.-When considering the ether extraction of dried samples according to the "Official method," it should be borne in mind that a portion of the lipides present in the fresh tissues inevitably suffers partial decomposition during desiccation. If the drying is carried out at the temperature of boiling water, and with exposure of the material to air, changes occur due to the partial oxidation of compounds containing unsaturated fatty acids. Such changes are minimized but not entirely eliminated if the drying is accomplished at reduced pressures or in an atmosphere of neutral gas.
Another error in the ether extraction method is due to the varying quantities of impurities which are removed from the tissues along with the true lipides and reported as such. The determination of lipides in cacao products furnishes an illustration. Here the use of ether results in the extraction of significant quantities of the alkaloid, theobromine. Other impurities such as hydrocarbons, coloring matters, and resin compounds are sources of error. Many of these may be determined and corrected for, where the quantity of residue is sufficient to justify an examination for unsaponifiable matter. In plant physiological work one is often limited with respect to quantity of available material, consequently the residue obtained from an ether extraction is usually too small to attempt further examination. In such cases it is desirable to have the residue represent as pure an extract of lipides as possible. It 13 minutes to arrest enzyme activity. Preserved in this manner, the material may be stored several months before the analytical work is begun, although it might be advisable to reheat the samples at least once or twice during the storage period. 7 The original KOCH method was first employed in the analysis of animal tissues by WALDEMAR KOCH (34, 35, 36) . Later F. C. KocH, University of Chicago, introduced changes which were embodied in his unpublished student outline for the analysis of tissues. Students of plant physiology have made further modifications (1, 13, 32, 92, 79) . The modified KOCH method provides for the separation of the constituents of tissues into a number of fractions which are separately examined. In the present paper discussion is confined to the so-called " lipoid " fraction. For the extraction of the alcohol-preserved material, the insoluble residue is quantitatively transferred to Schleicher and Schiill fat-free paper extraction thimbles or to porcelain cups which are perforated on the bottom and fitted with filter-paper. If paper thimbles are used they may be placed upright in funnels in such a way that the liquid drips through the cups into flasks. The procelain cups are suspended by clamps over the flasks or beakers to accomplish the same purpose. In transferring the contents of the containers into the cups, the greater part of the material is poured into a beaker and the supernatant liquid from this used to transfer adhering matter from the container to the cup. The whole sample is then carefully removed to the cups, the last trace of substance being washed out with a jet of hot 95 per cent. redistilled alcohol. The alcoholic filtrate is set aside to be added later to the other portions of the extract.
The well-drained material in the extraction cup is covered with fat-free cotton or filter-paper, placed in a continuous extractor and extracted 4 to 12 hours with 95 per cent. alcohol. The alcoholic extraction is followed with an ether extraction for a period of 1-12 hours. Following the ether extraction the sample is freed of ether and powdered as finely as possible in an agate or glass mortar or small coffee mill. The powdered material is then carefully collected and replaced in the apparatus and extracted further for a period of 12 to 24 hours with redistilled 95 per cent. alcohol. The several alcohol and ether extracts including the original alcoholic preserving filtrate are now combined. In the case of the ether extract most of the solvent is removed by evaporation and the residue transferred to the alcoholic portions with aid of hot alcohol followed by a little hot water. Any solid matter adhering to the flask after this treatment may be removed with the aid of a little chloroform and finally hot water. The combined extracts are then evaporated to small bulk as rapidly as possible, without overheating, on the steam bath, quantitatively transferred to an Erlenmeyer flask, and the evaporation continued until all of the liquid is driven off. Evaporation should be hastened by the use of a suction tube extending into the mouth of the flask and by adding absolute alcohol from time to time. The residue is finally dried over calcium chloride in a vacuum desiccator. At frequent intervals the desiccator should be filled with dry air and again exhausted.
The transfer to the Erlenmeyer flask is performed to facilitate subsequent extraction with ether of the dry residue. This extraction may be carried out by adding successive quantities of anhydrous ether to the residue, heating just to boiling on an electric hot-plate with stirring, and quickly filtering the separate portions of ether through an ashless filterpaper into a weighed flask. The filtered extract is evaporated to dryness on the steam bath and the residue dried to constant weight at the temperature of boiling water as in the "Official method." From the weight of the residue so obtained the percentage of "crude lipides" in the original sample may be calculated. A moisture determination must be made on a duplicate sample of the original material if a dry weight calculation is desired. ABSTRACT OF METHOD, SECOND PROCEDUTRE.-The sample is preserved in 80 per cent. alcohol as described under the first procedure. The insoluble residue, after separation from the alcoholic preserving liquid, is successively extracted with alcohol, ether, water and again with alcohol. The combined extracts are evaporated and the residue made into an emulsion with water. The aqueous emulsion is treated with chloroform and dilute hydrochloric acid. The mixture is well shaken and allowed to remain in a cool place until the aqueous portion becomes clear. This is drawn off through a filter. The lipide portion remains dissolved in the chloroform layer or as insoluble matter adhering to the walls of the flask and to the filter-paper. These three separations are brought together with aid of hot alcohol and the entire volume of liquid evaporated to dryness in a weighed flask, or made up to definite volume with hot alcohol after the evaporation of the chloroform, and aliquot portions taken for dry weight determination.
DETAILS OF OPERATION.-Following the ether extraction as described under the first procedure, the insoluble residue is finely ground in an agate or a glass mortar or coffee mill. The powdered material is transferred to a flask and heated on the steam bath with about 100 cc. of water. Sufficient 95 per cent. alcohol is then added to bring the final concentration of alcohol to about 85 per cent. and the heating continued for another period. The mixture is then filtered through paper extraction thimbles, the residue being quantitatively transferred from the flask to the thimbles and extracted continuously with fresh 95 per cent. alcohol for 12 to 24 hours. The united alcohol, ether and water extracts are then evaporated on the steam bath at 750 to a syrupy consistency.8 The residue is taken up with water and the aqueous emulsion is transferred to a glass-stoppered mixing cylinder or a volumetric flask having a capacity of one liter for each 100 grams of the sample. To wash adhering substances from the evaporation dish, small portions of chloroform are used which are added to the emulsion. The total volume of these washings should not amount to more than 20 or 25 cc. The flask or cylinder containing the emulsion is then filled to the mark with aqueous hydrochloric acid of such strength that the final volume of liquid will contain 2 or 3 cc. of concentrated acid for each 250 cc. The mixture is vigorously shaken at frequent intervals for 2 hours, then placed in an ice-box for 24 hours or until the aqueous layer has separated and become quite clear. This is drawn off by gentle suction through a long tube of small bore. By exercising great care, the aqueous solution can be separated almost completely from the chloroform layer. Should any solid matter be drawn off, it should be collected by filtering through a dry ashless filter-paper and washed with a little water. The lipide matter will be found in the chloroform layer and adhering to the walls of the precipitation flask and to the filter-paper. The tip of the latter is perforated and any solid matter adhering to the paper washed into the precipitation flask with a jet of hot 95 per cent. alcohol. The contents of the flask are then quantitatively transferred to a weighed flash and evaporated to dryness on the steam bath. The residue is dried to constant weight at the temperature of boiling water, or else at room temperature in a vacuum desiccator over calcium chloride. This represents the total quantity of "crude lipides." (The method of determining the lipide fraction by separating the aqueous layer from the chloroform fraction as described is not applicable to all materials. In such cases it is necessary to follow the procedure indicated in KocH's student outline for the analysis of tissues to which reference has previously been made). In many cases it is desirable to determine in addition, the lipide phosphorus, lipide nitrogen and other constituents. For this purpose, the residue is dissolved in hot 95 per cent. alcohol and transferred to the volumetric flask. Ordinary redistilled alcohol is then added until the flask is about half full and then absolute alcohol to about two thirds full. The mixture is heated with gentle agitation on the steam bath until solution is uniform throughout, when the flask is filled to the mark with hot 95 per cent. alcohol. Aliquot portions are collected immediately for the various determinations, care being taken that the pipette for removing the liquid is first heated to the proper temperature in an oven or over a water-bath. Another modification which may be considered as a means of separating the lipide material from the other active ingredients is that of shaking the water emulsion of the alcohol-ether soluble material with pure ether at least four times or until a fresh ether extract no longer contains lipide material. The combined ether extracts are then shaken with distilled water to remove traces of water-soluble constituents. The ether extract is finally evaporated to dryness and the residue brought to constant weight as previously indicated.
GENERAL REMARKS.-The fact that the modified KOCH method makes use of fresh instead of dried material is the chief point in its favor. If the sample is heated immediately with alcohol as described there is very little likelihood of autolytic changes. Partial oxidation of certain unsaturated compounds may go on to a slight degree even with hot alcohol treatment, but the error from this source is probably much less than in any method where it is necessary to dehydrate the sample by exposure to heat and air.
Another distinct advantage of the method is the provisions which are made for the systematic extraction and separation into definite fractions for the determination of other substances, in addition to the lipides, from the same material. These determinations have been discussed elsewhere.
The use of both alcohol and ether as the first stage in the removal of lipides is perhaps preferable to the use of ether alone, since it is generally recognized that extraction with ether, no matter how prolonged, fails to completely separate all of these substances, especially the phospholipides, from the other tissue constituents such as the carbohydrates and proteins. The incomplete extraction is particularly evident with material high in starch. LEATHES (43) (39) and evaporated to dryness. The residue is dried at 500 for 1 to 2 hours. Drying longer than this period should be carried out in a vacuum. The residue contains, besides fatty acids, also hydrocarbons, sterols, coloring matters and other substances. Some of these impurities are removed at this stage. To the residue while still warm 30 to 40 cc. of petroleum ether are added and gently rotated. The beaker is then covered with a watch glass and set aside 1/2 to 1 hour to permit the settling of resinous matter.
The fatty acid solution is filtered through asbestos which is well washed with petroleum ether. The filtrate and washings are collected in a weighed 100 cc. beaker and evaporated. The residue is dried to constant weight at 500, preferably in vacuo. This weight represents crude fatty acids.
It is particularly important that care be taken to sufficiently dry the residue from the ether extract before extraction with petroleum ether, in order to obtain the fatty acids in pure colorless form. The ether used for the last extraction, as well as the petroleum ether, should be pure and anhydrous. The time for drying the residue at 500 must not exceed 1 to 2 hours unless the drying is carried out under reduced pregire.
With many plant materials, especially those ri in starch and other polysaccharides, it is necessary first to make an a holic extract (b) before proceeding with the saponification of the lipides. The sample is extracted with absolute alcohol in the KUMAGAWA and SUTO ot extractor (39) until all but traces of lipides have been removed. After the addition of 7 to 8 cc. of a strong sodium hydroxide solution (sp. gr. = k5) to theaIoholic extract, the mixture is boiled under a reflux condenser for an hour. The alcohol is then allowed to evaporate, the saponification continuing meanwhile. When the alcohol has been removed, the residue is taken up with a little warm water and quantitatively transferred to a separatory funnel. The fatty acids are separated as described under the direct saponification procedure (a).
The residue of the original material which has been extracted with alcohol may still retain a small quantity of unextracted lipides, but in most cases this is too small to be significant. It may be recovered, however, by treating the residue essentially according to the direct saponification procedure (a), the only modification being that after neutralization of the saponification mixture the starch is hydrolyzed with strong acid to liberate any retained lipides.
To separate unsaponifiable matter from the final residue obtained as described in either method, the residue is redissolved in petroleum ether and introduced into a separatory funnel. To dissolve completely the residue and to transfer the solution quantitatively from the beaker to funnel requires 50 to 70 cc. of petroleum ether. Thirty to 40 volumes of N/5 nearly absolute alcoholic potash are added to the solution in the funnel which is then well shaken once. A clear solution results. A quantity of water is added to this equal to the volume of alcoholic potash used, whereby a separation occurs with the 50 per cent. alcoholic liquid as the bottom layer and the petroleum ether solution as the top layer. The unsaponifiable substances remain in the top layer, while the soaps go to the dilute alcoholic layer. After separation of the solution, the dilute alcoholic layer is again extracted with 30 to 50 cc. of new petroleum ether. After evaporation of the petroleum ether from the combined shakings the residue is freed from the small traces of fatty acids which it contains. This separation is accom-plished by dissolving the residue in a little absolute alcohol, adding 0.5 to 1.0 cc. N/10 nearly absolute alcoholic soda, evaporating on the water-bath, drying the residue 15 to 30 minutes at 1000 and then extracting with hot petroleum ether. The petroleum ether extract is filtered through asbestos into a weighed flask, evaporated and dried to constant weight at 1000. This weight represents total unsaponifiable matter. It must be subtracted from the weight of total crude fatty acids previously obtained to find the quantity of true fatty acids. The weight of true fatty acids multiplied by the factor 1.046 gives the weight of the neutral glycerides.
The above-described method of KuMAGAWA and SUTO has been modified by LEMLAND (45) . Very briefly, the LEMLAND procedure consists in extracting the material 8 hours in the KuMAGAWA and SUTO extractor with alcohol, evaporating and drying to constant weight in vacuo, saponifying the residue, extracting and weighing the unsaponifiable matter, acidifying and extracting the residual soap solution and drying to constant weight and weighing the fatty acids. According to TERROINE, LEPAGE, VE1CHOT and WOLFF (86) this method is directly applicable to vegetable products provided they have been finely ground before extraction.
GENERAL REMARKS.-To convert numbers representing the weight of fatty acids into numbers representing the weight of neutral fat, KUMAGAWA and SUTO employ the factor 1.046. This factor is obtained by assuming that on saponification an equal quantity of each of the three fatty acids, oleic, stearic and palmitic acids, is obtained from corresponding triglycerides. The following, which is taken from KUMAGAWA and SUTO (37) Strictly speaking, not all of the insoluble fatty acids, as determined by saponification, are derived from simple triglycerides, nor are the quantities of these fatty acids always present iii equal proportions. Furthermore, fatty acids other than the three mentioned may occur in the extract. In many cases an appreciable percentage of the total fatty acids may be obtained by hydrolysis of waxes and phospholipides which contain different percentages of fatty acids than do the simple glycerides or fats. These are sources of errors which probably cannot be overcome since it is impossible to know definitely the relative proportions of different classes of lipides giving rise to fatty acids on saponification.
In this method, the volatile fattv acids are lost and only the highmolecular fatty acids are determined. KUMAGAWA and SUTO point out that in the saponification method of LIEBERMANN and SZE1KELY much too great a quantity of low fatty acids are determined, and furthermore about 9 per cent. of the high-molecular acids escape determination. 
